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Project Summary
The purpose of this project is to analyze the Fire Protection systems of the Recreation Center on
campus at California Polytechnic State University, San Luis Obispo. Only the building itself is
analyzed in this project. This report provides both a prescriptive-based and performance-based
analysis of the building. The prescriptive-based analysis includes an overview of the structural
components and their fire resistance, the sprinkler system, the fire alarm system, as well as an
egress analysis. The performance-based analysis consists of three different potential fire
scenarios, with the first being modeled with both Pathfinder and Pyrosim. Resources used are the
building’s floorplans, available pages from the building’s blueprints, the building’s sprinkler
plans, the building’s fire alarm plans, the 2015 edition of the International Building Code, 2015
Life Safety Code, the 5th Edition of the SFPE Handbook, the 20th Edition of the Fire Protection
Handbook, and NFPA 13, NFPA 25, and NFPA 72.
After completing both the prescriptive-based and performance-based analyses, positive
conclusions can be made about the recreation center. The Recreation Center has sufficient exit
capacity considering the calculated occupant load of the building. And the construction, fire
alarm system, and sprinkler system all meet the requirements from their respective codes. Lastly,
the performance-based analysis yielded a Required Safe Egress Time (RSET) of 155 seconds,
and an Available Safe Egress Time (ASET) of 450 seconds. These results show that the
Recreation Center performs adequately when simulated with a fire scenario.
While the building’s systems all meet code requirements, and the building performed adequately
in a simulation, the University needs to ensure that the main gymnasium is never occupied over
its maximum capacity during special events held there. Overfilling the space can lead to
crowding, which could potentially cause life-threatening delays in evacuation. The University
must implement fire safety management during special events held in the gymnasium to ensure
safety of all occupants.
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1 Introduction
The Recreation Center is a very popular building on the California Polytechnic State University,
San Luis Obispo (Cal Poly) campus. Many students enter and exit the building every day, so it is
very important that the occupant loads of the building are recognized, and that the building has
sufficient egress capacity for the students and staff that spend their time within the building.
Figure 1 below shows a map of the Cal Poly campus, with the Recreation Center marked with a
red circle. From the map, one can see that the building is on the southern edge of campus.

Figure 1. Cal Poly Campus with Recreation Center Marked with Red Circle
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1.1 Floor Plan
Figure 2 is the floor plan of the first floor of the Recreation Center. It shows the unique shape
and features of the building’s layout. And Figure 3 below shows the floor plan of the second
floor. Both of these floors will be discussed further in this report.

Figure 2. Recreation Center Floor Plan, First Floor
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Figure 3. Recreation Center Floor Plan, Second Floor
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1.2 Building Functions
As stated previously, the Recreation Center is a high usage building on campus, and it serves
many purposes for the University. On a typical day, it is simply an athletic facility for students of
Cal Poly. It is a place where students can workout, take fitness classes, or simply pass the time.
However, the Recreation Center is also used for special events on campus. These events include
concerts, fall graduation ceremonies, as well as career fairs. These events all take place in the
main gymnasium of the building, which is Room 100 on Figure 2. Considering the various uses
that the building has, and the large number of students that enter and exit the building each day,
make the Recreation Center a very interesting topic for this report.

1.3 Report Overview
This report will be an analysis of the Fire Protection systems of the Recreation Center. And that
analysis will consist of both a prescriptive based and performance based analysis. The topics
covered in each analysis will be listed, with more detail below:
Prescriptive Based Analysis:
• Building’s Structural Components
• Sprinkler System
• Fire Alarm and Detection System
• Egress Analysis
The material of the building’s structural components will be reviewed, and then the fire
resistance of the components will be determined whether they meet code requirements or not.
The building’s sprinkler system and fire alarm system will be described, and evaluated on
whether or not they meet respective code requirements. The prescriptive based analysis will
conclude with an evaluation of the building’s egress capability compared to its occupant load.
Performance Based Analysis:
• Goals of Performance Based Analysis
• Simulated Fire Scenario
• Two Considered Fire Scenarios
The performance based analysis will begin by outlining the goals of performance based analysis,
and desired outcomes when simulating a fire. Then three different potential fire scenarios in the
building will be examined. The first fire scenario will be simulated with two different modeling
programs. The first is Pathfinder, which is used to model how much time it takes for occupants
to evacuate a space. The second is Pyrosim, which is a program used to model the design fire
itself within the space. Comparing the results of each model yields a conclusion of whether or
not the Recreation Center can be expected to perform well if a fire were to start while the
building is occupied. The final two fire scenarios will be considered and discussed, but not
simulated.
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2 Building Construction
When performing a Prescriptive Based Analysis, it is important to first examine the construction
of the building under consideration. This section presents the materials used in the Recreation
Center’s construction, and the fire resistance requirements of the structural members and finishes
throughout the building.

2.1 Construction Classification
The Recreation Center at Cal Poly is a two-story building, and the floor area of the 1st floor of
the Recreation Center is approximately 105,000 ft2. The building is made up of Type IB
construction and it is a combination of A-3 (assembly), B (business), and S-1 (moderate-hazard
storage), and S-2 (low-hazard storage) occupancies, based on the definitions from the 2015
edition of the International Building Code (IBC). Table 504.4 from the IBC outlines the
allowable number of stories for a building based on its construction type, and Table 506.2 from
the IBC outlines the allowable area in square feet of a building based on its construction type.
Table 1 compiles data from each of these tables from the IBC and presents the allowable number
of stories and area of the Recreation Center. This data is taken using the fact that the building is
fully sprinklered and is made up of Type IB construction. As stated previously, the Recreation
Center is 2 stories tall, and the area of the 1st floor is 105,000 ft2, which means that the building
is within the allowable number of stories and area.
Table 1. Compilation of Tables 504.4 and 506.2 from IBC
Occupancy Classification
A-3
B
S-1
S-2

Allowable Stories
12
12
12
12

Allowable Area
Unlimited
Unlimited
144,000
237,000

2.1.1 Construction Materials
Like most buildings, the Recreation Center is constructed of many different elements that all
need to meet the Type IB requirement defined by the International Building Code.
The foundation of the building is made up of reinforced concrete with footings for columns to
attach.
The columns that support the building are made of steel, coated in fire resistive material to meet
the required fire rating of 2 hours, and are encased in concrete. Similarly, the beams are made of
steel, coated in fire resistive material, but are instead surrounded by a metal cover.
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The floor and roof assemblies of the building are constructed of a combination of steel, gypsum
wallboard, and plaster over metal lath. The combination and structure of the materials depends
on the type and location of roof or floor assembly. The exterior and interior walls of the building
have metal framing, and many have a gypsum wallboard cover to help the walls meet the
required fire resistance rating of 2 hours.
The door openings, penetrations, and partitions all use steel as the frame, and do not need to be
fire rated according to the 2015 IBC.

2.2 Fire Resistance Requirements
2.2.1 Ratings
According to Tables 601 and 602 from the 2015 IBC, the structural frame, bearing walls, and
floor of the Recreation Center are required to be 2-hour fire rated. The roof is required to be 1hour fire rated,
and the rest of the construction does not need to be fire rated.
Table 601 from the 2015 IBC outlines all the fire-resistance rating requirements for building
elements based on the construction type they are used in. However, the required ratings for
exterior nonbearing walls are given in Table 602. This table also takes separation distance into
account. Since the Recreation Center is more than 30 feet away from an adjacent building, the
exterior nonbearing walls are not required to be fire rated. Table 2 is a compilation of the
information from Tables 601 and 602.
Table 2. Compilation of Tables 601 and 602 from IBC
Building Element
Primary Structural Frame
Exterior Bearing Walls
Interior Bearing Walls
Exterior Nonbearing Walls and Partitions
Interior Nonbearing Walls and Partitions
Floor Construction
Roof Construction

Required Fire Resistance Rating
(hours)
2
2
2
0
0
2
1

2.2.2 Fire Resistance Requirements throughout Construction
As one can see from Table 2, nearly all rated construction is required to be 2-hour rated. Of the
rated construction, only the roof construction is required to be 1-hour rated. Figure 4 is a
floorplan of first floor of the Recreation Center, with the 2-hour rated walls highlighted as red.
Figure 5 the second floor with the 2-hour rated walls also highlighted as red. The walls in
Figures 4 and 5 are all the interior and exterior load bearing walls.
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Figure 4. First Floor of Recreation Center, 2-hour rated walls in Red
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Figure 5. Second Floor of Recreation Center, 2-hour rated walls in Red
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2.2.3 Interior Finish Requirements
Table 803.11 from the International Building Code outlines the interior wall and ceiling finish
requirements by occupancy. The occupant spaces within the Recreation Center fall within groups
A-3, B, and S on the table. The applicable rows from that table are shown in Table 3. Finish
materials must be classified according to the standard ASTM E84. Class B finishes have flame
spread indices between 26-75, and Class C finishes have flame spread indices between 76-200.
And both finishes must have a smokedeveloped index less than 450. All wall and ceiling finishes
are found to meet these requirements.
Table 3. Interior Finish Requirements from IBC
Occupancy Group
A-3 (assembly)
B (business)
S (storage)

Interior Egress
Paths
B
B
C

Corridor and Enclosure
for Egress Paths
B
C
C

Rooms and Enclosed
Spaces
C
C
C

2.3 Summary
The Recreation Center’s number of stories, floor area, construction type, and fire resistance are
within requirements outlined in the International Building Code. As stated previously, the
building’s construction is an important first step to prescriptive based analysis. This compliance
is a great start and now the building’s fire suppression system can be examined.
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3 Water-based Fire Suppression Systems
3.1 System Type
The Recreation Center on the Cal Poly campus is equipped with a wet pipe system and quick
response sprinklers. Section 3.4.11 of the 2016 Edition of NFPA 13 defines a wet pipe system as
a sprinkler system that utilizes automatic sprinklers attached to a piping system already
containing water. Under these conditions, a wet pipe system will discharge water immediately
after a sprinkler is opened by heat from a fire. Section 3.6.4.8 of NFPA 13 defines a quick
response sprinkler as a type of spray sprinkler that has a thermal element with a response time
index (RTI) of 50 (meter-seconds) 1/2 or less.

3.2 Occupancy Classification by Room
All of the rooms in the Recreation Center are either light hazard or ordinary hazard (group 1)
occupancies. Section 5.2 of NFPA 13 defines light hazard occupancies as an occupancy where
the quantity and/or combustibility of contents is low and the expected fires have relatively low
heat release rates. And Section 5.3.1 of NFPA 13 defines ordinary hazard (group 1) occupancies
as occupancies where combustibility is low, the quantity of combustibles is moderate, and the
expected fires have moderate heat release rates.
Rooms that are light hazard occupancies are the gymnasiums, fitness areas, weight rooms,
racquetball courts, prefunction areas, offices, restrooms and locker rooms, corridors, entry
lobbies, and exterior canopies.
Rooms that are ordinary hazard occupancies include storage rooms, mechanical and electrical
rooms, and custodial rooms. However, the main gymnasium is important to note. Although
NFPA 13 classifies it as a light hazard occupancy, the bleachers in the gymnasium are made of
wood and plastic, and would make a large fuel load. Knowing this, the main gymnasium could
be considered an ordinary hazard occupancy.

3.3 Sprinkler System Design Criteria
When using a Control Mode / Density Area sprinkler system, the water demand design criteria is
illustrated in Figure 11.2.3.1.1 of NFPA 13. Figure 6 has this figure with the appropriate demand
design criteria for the Recreation Center highlighted with blue and red circles.
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Figure 6. Figure 11.2.3.1.1 from NFPA 13
Table 11.2.3.1.2 from NFPA 13 can be used to determine the hose stream allowance and water
supply duration for sprinkler systems depending on the occupancy classification. Table 4 shows
this table with the appropriate rows highlighted in blue and red, corresponding with Figure 6.
Table 4. Table 11.2.3.1.2 from NFPA 13
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Since the Recreation Center is equipped with quick response sprinklers, Section 11.2.3.2.3.1 of
NFPA 13 permits the system area of operation to be reduced without revising the density as long
as certain conditions are satisfied. In the case of the Recreation Center, these are all met: it is a
wet pipe system, the rooms are light hazard or ordinary hazard occupancy, ceiling heights are
below 20 ft (except for the gym), and there are no unprotected ceiling pockets exceeding 32 ft2.
The design area can be reduced based on Figure 11.2.3.2.3.1 from NFPA 13. Figure 7 shows this
figure and the equation that is graphed.

Figure 7. Figure 11.2.3.2.3.1 from NFPA 13
Based on the buildings blueprints, all of the light hazard occupancies (except the gymnasiums)
have heights less than 10 feet, so there reduction factor is 40%, and the ordinary hazard (group 1)
occupancies have ceiling heights of 15 feet. The equation can be used to find the reduction
factors to be 40% for the light hazard occupancies, and 32.5% for the ordinary hazard (group 1)
occupancies. This reduces the design areas to 900 ft2 and 1013 ft2 respectively.
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3.4 Inspection, Testing, and Maintenance Requirements
NFPA 25 is the code that must be followed when inspecting, testing, and maintaining sprinkler
systems. Table 5.1.1.2 of NFPA 25 summarizes the frequency of required inspection, testing, and
maintenance of various components of a sprinkler system. However this table redirects to Table
13.1.1.2 for the summary of valves’ inspection, testing, and maintenance. Both of these tables
also provide references to the sections of NFPA 25 that discusses each frequency. Table 5 below
combines data from both Table 5.1.1.2 and Table 13.1.1.2 to provide one concise table with the
components included in the Recreation Center’s sprinkler system.
Table 5. Summary of Sprinkler System Component Inspection, Testing, and Maintenance
Process
Inspection

Test

Item
Check Valve (interior)
Fire Department Connections
Gauges (wet system)
Hanger / braces / supports
Information Signs
Pipe and fittings
Sprinklers
Valve supervisory signal
devices
Waterflow alarm devices

Frequency
5 years
Quarterly
Quarterly
Annually
Annually
Annually
Annually
Quarterly

Reference
13.4.2.1
13.7.1

Quarterly

5.2.5

Antifreeze solution
Control Valves
Gauges
Sprinklers (quick-response)

Annually
Annually
5 years
At 20 years and every
10 years thereafter
Annually

5.3.4
13.3.3.1
13.2.7
5.3.1.1.1.3

Quarterly

5.3.3.1

Annually

13.3.4

Valve Supervisory signal
devices
Waterflow alarm devices
Maintenance

Control Valves

5.2.3
5.2.8
5.2.2
5.2.1
5.2.5

13.2.8.2
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4 Sprinkler Dimensions
4.1 System Overview
The Recreation Center’s sprinkler system is divided into five different sections detailed in Figure
8. The diagram in Figure 8 is provided by the sprinkler plans of the building and is not to scale.
However the 5 sections of the sprinkler system have been laid over the first floor of the floorplan
of the Recreation Center in Figure 9. These sections are supplied with water by two risers, with
the first working as two risers to supply water to Sections A, B, C, and D of the building. The
second riser provides water to Section E labeled in Figures 8 and 9, which includes the main
gymnasium, the wrestling room and the two smaller basketball courts in that section of the
building. In addition, all sprinklers in the building are Viking brand.

E

Figure 8. Recreation Center divided into 5 Sections (Figure is not to scale)
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Figure 9. Sprinkler Areas Outlined over First Floor
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4.2 System Riser 1
The first system riser in the Recreation Center works as two risers; providing water to two
separate sections of sprinklers in the main part of the building. The riser is located in Gym
Storage Room 121A. The schematic of this riser is shown in Figure 10 below. This riser provides
water to the sprinkler systems in Sections A, B, C, and D, labeled in Figures 8 and 9.

Figure 10. System Riser 1
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Table 6 below contains the diameters of the cross-mains and branch lines for sections A, B, C,
and D of the Recreation Center. Most of the values in the table are a mode of the diameters from
the sprinkler plans. In addition, all cross-mains are schedule 10 piping, and branch lines are
schedule 40 piping.
Section
A
A
B
B
C
C
D

Table 6. Cross-Mains and Branch Lines of Sections A, B, C, and D
Floor Cross-Main
Cross-Main
Branch Line
Branch Line
Diameter
Diameter (inside)
Diameter
Diameter (inside)
1st
3
3.260
1.5
1.610
nd
2
3
3.260
1.5
1.610
1st
4
4.260
1.5
1.610
nd
2
3
3.260
1.5
1.610
1st
3
3.260
1.5
1.610
nd
2
3
3.260
1.5
1.610
st
1
2.5
2.635
1.5
1.610

*All diameters are measured in inches

4.2.1 Section A
The sprinklers present in this section on the first floor are displayed in Table 7, and the sprinklers
present on the second floor of this section are displayed in Table 8.
Model
VK634
VK602
VK606
VK302
VK462
VK300

Table 7. Section A (first floor) Sprinklers
Type
Orifice
K-Factor
Act Temp
QREC
3/4”
8.0
155
QREC
3/4”
8.0
155
QREC
3/4”
8.0
155
QRSC
1/2”
5.6
155
QRSC
1/2”
5.6
155
QRSC
1/2”
5.6
155

Quantity
70
12
3
4
8
9

Model
VK602
VK606
VK300

Table 8. Section A (second floor) Sprinklers
Type
Orifice
K-Factor
Act Temp
QREC
3/4”
8.0
155
QREC
3/4”
8.0
155
QRSC
1/2”
5.6
155

Quantity
73
1
8
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4.2.2 Section B
The sprinklers present in this section on the first floor are displayed in Table 9, and the sprinklers
present on the second floor of this section are displayed in Table 10.
Model
VK634
VK602

Table 9. Section B (first floor) Sprinklers
Type
Orifice
K-Factor
Act Temp
QREC
3/4”
8.0
155
QREC
3/4”
8.0
155

Quantity
40
40

Model
VK602
VK300

Table 10. Section B (second floor) Sprinklers
Type
Orifice
K-Factor
Act Temp
QREC
3/4”
8.0
155
QRSC
1/2”
5.6
155

Quantity
67
163

4.2.3 Section C
The sprinklers present in this section on the first floor are displayed in Table 11, and the
sprinklers present on the second floor of this section are displayed in Table 12.
Model
VK602
VK302
VK300

Table 11. Section C (first floor) Sprinklers
Type
Orifice
K-Factor
Act Temp
QREC
3/4”
8.0
155
QRSC
1/2”
5.6
155
QRSC
1/2”
5.6
155

Quantity
6
71
21

Model
VK602
VK300

Table 12. Section C (second floor) Sprinklers
Type
Orifice
K-Factor
Act Temp
QREC
3/4”
8.0
155
QRSC
1/2”
5.6
155

Quantity
67
8

4.2.4 Section D
Section D is only one floor and the sprinklers present are displayed in Table 13.
Model
VK634
VK602
VK302
VK300

Type
QREC
QREC
QRSC
QRSC

Table 13. Section D Sprinklers
Orifice
K-Factor
Act Temp
3/4”
8.0
155
3/4”
8.0
155
1/2”
5.6
155
1/2”
5.6
155

Quantity
39
52
15
85
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4.3 System Riser 2
The second system riser provides water to the sprinkler system in Section E of the Recreation
Center, which is labeled in Figures 8 and 9. The riser is located in the riser closet just outside of
the main gymnasium. The schematic of the riser is shown in Figure 11.

Figure 11. System Riser 2
4.3.1 Cross-Mains and Branch Lines
Table 14 below contains the diameters of the cross-mains and branch lines for section E
of the Recreation Center. The values in the table are a mode of the diameters from the
sprinkler plans. In addition, all cross-mains are schedule 10 piping, and branch lines are
schedule 40 piping.
Table 14. Cross-Mains and Branch Lines of Section E
Section
Cross-Main
Cross-Main
Branch Line
Branch Line
Diameter
Diameter (inside)
Diameter
Diameter (inside)
E
2.5
2.635
1.5
1.610
*All diameters are measured in inches
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4.3.2 Types of Sprinklers
The sprinklers present in section E are displayed in Table 15 below. An interesting note is
that section E has VK304 sprinklers, which are not present anywhere else in the building.
Model
VK304
VK302
VK300

Type
QREC
QRSC
QRSC

Table 15. Section E Sprinklers
Orifice
K-Factor
Act Temp
1/2”
5.6
200
1/2”
5.6
155
1/2”
5.6
155

Quantity
40
19
136

5 Hydraulic Supply and Demand
5.1 Pipe System
Most of the Recreation Center’s sprinkler system is actually a looped system, which means that
most of the sprinklers can be provided with water from two different flows. Figure 12 has a
diagram of a looped system from NFPA 13. To calculate hydraulic flow and pressures for looped
systems, computer programs are typically used. However, to demonstrate hand calculations for
this report, the most remote area of Section E of the building was modeled as a standard
system with branch lines and a single cross main.

Figure 12. Figure A.3.4.7 from NFPA 13 Illustrating a Looped System
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5.2 Hydraulic Supply
The Recreation Center’s sprinkler system is provided with water from the San Luis Obispo water
supply. A fire hydrant flow and pressure test was performed on March 8th, 2010 for the fire
hydrant behind the building. This hydrant is a good measure of the water supply that serves the
Recreation Center. The water supply tested was found to have a static pressure of 140 psi, a
residual pressure of 132 psi, and a flow at 1186 gpm. In an ideal situation the water supply is
always well above the system demand of a sprinkler system. If this is ever not the case then a fire
pump is necessary to help supply the necessary water for the system.

5.3 Hydraulic Demand
The hydraulic demand is typically measured at the most remote location of sprinklers in the
building with the reasoning that if the water supply is sufficient for the most remote location of
the building, then the water supply will be sufficient for the entire building. For this report, the
main gymnasium was used as the most remote location of the building since the sprinklers are at
the very high ceiling, and are supplied by the smaller riser of the system. Figure 13 is an excerpt
from Recreation Center’s sprinkler plans, and shows the sprinkler layout of the main
gymnasium. The red rectangle on Figure 13 is an outline of the remote area used for the
hydraulic demand calculation. The sprinkler plans also contained the results of these hydraulic
calculations. The results of the hydraulic demand are a pressure of 60 psi and a flow of 279 gpm,
with a hose stream allowance of 100 gpm. Figure 14 is a graph of the hydraulic supply and
demand of the sprinklers in the gymnasium. The graph has labels detailing the specification of
both the hydraulic supply and demand.

Figure 13. Main gymnasium sprinkler layout with remote area in red
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City Water Supply:
Static Pressure = 140psi
Residual Pressure = 132 psi
Flow = 1186 gpm

Demand (Main Gymnasium):
Pressure = 60 psi
Flow = 279 gpm
Hose Steam Allowance = 100 gpm

Figure 14. Hydraulic Demand and Supply of Gymnasium

5.4 Summary
From Figure 14, it is clear to see that the hydraulic supply is much larger than the hydraulic
demand, meaning the Recreation Center can be assumed to have sufficient water supply without
the need for a fire pump to increase the supply. If the city water supply is ever changed, then this
supply must be reevaluated to ensure that sufficient water can always be provided to the
Recreation Center.
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6 Sprinkler System Summary
The sprinkler system installed in the Recreation Center is fairly standard. It is a wet-pipe system
with quick response sprinklers. The system is supplied by two risers and meets all requirements
set in NFPA 13. It is very important that the inspection, testing, and maintenance requirements
outlined in Section 3.4 of this report are followed to ensure the proper operation of the sprinkler
system.
An analysis of the sprinklers in the gymnasium’s water demand shows that the water supply is
adequate for the most remote locations of the building, and a fire pump is not needed. If the city
water supply is ever changed, then this supply must be reevaluated to ensure that sufficient water
can always be provided to the Recreation Center.
With confidence that the sprinkler system installed in the building provides adequate protection,
the prescriptive based analysis can continue with an analysis of the Recreation Center’s fire
alarm system.

7 Fire Alarm System Overview
7.1 Type of Fire Alarm System Installed
As with most buildings, the Recreation Center at Cal Poly is equipped with a fire alarm system,
to alert occupants to the need to evacuate in the case of a fire. Since the building is on a campus
with students, the system installed is fairly thorough. The system has plenty of initiating devices,
including smoke and heat detectors, and annunciating devices, such as speakers and strobes. The
building is also equipped with a mass notification system to clearly send out an evacuation
message.

7.2 Operating Characteristics of Fire Alarm System
As stated previously, the fire alarm system in the Recreation Center includes initiating devices
and annunciating devices. All of these devices are connected through the Fire Alarm Control
Panel. The control panel will receive a signal whenever one of the initiating devices is triggered,
and activate the appropriate annunciating device. The appropriate devices are determined based
on whether an alarm, supervisory, or trouble signal is detected by the control panel. Additionally,
the control panel can display the status of each device connected to the fire alarm system,
making maintenance easier to monitor.
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7.3 Model and Location of Fire Alarm Control Panel
The Fire Alarm Control Panel is located in room 190 of the Recreation Center, which is one of
the main electrical rooms in the building. Only staff has access to this room and the control
panel. The Fire Alarm Control Panel is a model NFS2-640 control panel and is manufactured by
Notifier. Figure 15 shows a picture of the model of control panel present in the Recreation
Center.

Figure 15. NFS2-640 Fire Alarm Control Panel

7.4 Power Requirements for Fire Alarm and Communication Systems
Section 10.6.3.2 of NFPA 72 states that fire alarm systems must have two independent and
reliable power sources: one primary and one secondary. The primary power supply for the
Recreation Center is commercial power. The secondary power supply is provided by 6 batteries,
which are divided into two groups. One of the batteries is dedicated to the main fire alarm
control panel and supplies power to the entire building. The other five batteries supply power to
the audio/visual notification appliances throughout the building. These five batteries are located
in rooms 115, 136, 172, 208, and 227 and all provide power to different areas of the Recreation
Center.
The fire alarm plans for the Recreation Center provide the calculations performed to determine
appropriate battery sizes. These calculations are shown in Figures 16 through 21. In addition to
determining battery size, voltage drop calculations are also important. These calculations are
used to determine that the batteries satisfy code requirements. The voltage drop calculations are
also present in the fire alarm plans and are shown in Figures 22 through 26. These calculations
indicate that the batteries used in the Recreation Center have sufficient spare capacity, and the
voltage drops are low enough to meet the standards of NFPA 72.
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Figure 16. Battery Sizing Calculation for the FACP
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Figure 17. Battery Sizing Calculation for Room 115
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Figure 18. Battery Sizing Calculation for Room 136

Figure 19. Battery Sizing Calculation for Room 172
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Figure 20. Battery Sizing Calculation for Room 208

Figure 21. Battery Sizing Calculation for Room 227
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Figure 22. Voltage Drop Calculation for Room 115
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Figure 23. Voltage Drop Calculation for Room 136
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Figure 24. Voltage Drop Calculation for Room 172
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Figure 25. Voltage Drop Calculation for Room 208
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Figure 26. Voltage Drop Calculation for Room 227
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7.5 Inspection, Testing, and Maintenance Requirements
Inspection, testing and maintenance are very important to ensuring that a fire alarm system in a
building will function properly when a fire occurs. Chapter 14 of NFPA 72 discusses the
necessary inspection, testing, and maintenance requirements for various components of a fire
alarm system. Table 14.3.1 in NFPA 72 details the required inspection procedures for all
components. Table 16 takes information from Table 14.3.1 and details the inspection
requirements and frequency for the components of the fire alarm system of the Recreation Center
that have been discussed in this report. Similarly, Table 14.4.3.2 from NFPA 72 outlines the
testing requirements for these components. Key information is taken from that table to fill Table
17 with the information regarding the key components of the fire alarm system of the Recreation
Center.
Section 14.5 of NFPA 72 discusses the required maintenance of a fire alarm system. There is no
table that outlines maintenance for individual components, but section 14.5.1 states “system
equipment shall be maintained in accordance with the manufacturer’s published instructions,”
and section 14.5.2 states “The frequency of maintenance of system equipment shall depend on
the type of equipment and the local ambient conditions.” To summarize, the maintenance of a
fire alarm system is determined on a case-by-case basis. The work depends on the
manufacturer’s maintenance requirements, and the frequency depends conditions of the specific
fire system.
Table 16. Inspection Requirements of Fire Alarm System Components
System Component
Inspection Requirements
Periodic Frequency
Manual Pull Station
Verify location and condition.
Semiannual
Area Smoke Detector
Verify that in-line filters, if any, are clean.
Semiannual
In-duct Smoke Detector
Verify that detector is rigidly mounted. Confirm Semiannual
that no penetrations in a return air duct exist in
the vicinity of the detector. Confirm the detector
is installed so as to sample the airstream at the
proper location in the duct.
Heat Detector
Verify location and condition.
Semiannual
Speaker
Verify location and condition
Semiannual
Strobe
Verify location and condition. Verify that the
Semiannual
candela rating marking agrees with the approved
drawings.
Batteries (lead-acid)
Inspect for corrosion or leakage. Verify tightness Monthly
of connections. Verify marking of the
month/year of manufacture.
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Table 17. Testing Requirements of Fire Alarm System Components
System Component
Testing Requirements
Periodic Frequency
Manual Pull Station
Operate manual fire alarm boxes per the
Annually
manufacturer’s published instructions. Test both
key-operated pre-signal and general alarm
manual fire alarm boxes.
Area Smoke Detector
Test with smoke or a listed and labeled product
Annually
acceptable to the manufacturer or in accordance
with their published instructions. Test from the
end sampling port or point on each pipe run.
Verify airflow through all other ports or points.
In-duct Smoke Detector
Test duct smoke detectors that use sampling
Annually
tubes to ensure that they will properly sample the
airstream in the duct using a method acceptable
to the manufacturer or in accordance with their
published instructions.
Heat Detector
Do not perform heat tests. Test functionality
Annually
mechanically and electrically.
Speaker
For periodic testing, verify the operation of the
Annually
notification appliances.
Strobe
For periodic testing, verify that each appliance
Annually
flashes.
Batteries (replacement)
Replace batteries in accordance with the
Annually
recommendations of the alarm equipment
manufacturer or when the recharged battery
voltage or current falls below the manufacturer’s
recommendations.
Batteries (charger test)
With the batteries fully charged and connected to Annually
the charger, measure the voltage across the
batteries with a voltmeter. Verify the voltage is
2.30 volts per cell ±0.02 volts at 77°F (25°C) or
as specified by the equipment manufacturer.
Batteries (discharge test)
With the battery charger disconnected, load test
Annually
the batteries following the manufacturer’s
recommendations. Verify the voltage level does
not fall below the levels specified. Load testing
can be by means of an artificial load equal to the
full fire alarm load connected to the battery.
Batteries (load voltage
With the battery charger disconnected, load test
Semiannually
test)
the batteries following the manufacturer’s
recommendations. Verify the voltage level does
not fall below the levels specified. Load testing
can be by means of an artificial load equal to the
full fire alarm load connected to the battery.
Verify the battery does not fall below 2.05 volts
per cell under load.
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8 Initiating Devices
8.1 Definitions
Section 3.3.131 of the 2016 version of NFPA 72 defines an initiating device as “A system
component that originates transmission of a change-of-state condition, such as in a smoke
detector, manual fire alarm box, or supervisory switch.” Other initiating devices include heat
detectors, flame detectors, sprinkler waterflow detectors, and many others. The role of initiating
devices is to detect the presence of a fire in a building, and pass a signal along to the installed
notification appliances.

8.2 Types and Locations
In the Recreation Center, there are various types of initiating devices, including manual pull
stations, smoke detectors, and heat detectors. These are highlighted on Figure 27 and Figure 28
and their symbols are explained in Table 18.
Table 18. Legend for Figures 27 and 28
Type of Initiating Device
Symbol
Manual Pull Station
Area Smoke Detector
In-duct Smoke Detector
Heat Detector
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Figure 27. Initiating Device Locations on Floor 1
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Figure 28. Initiating Device Locations on Floor 2
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8.3 Spacing Requirements and Analysis
Chapter 17 of the 2016 edition of NFPA 72, covers most, if not all, required information about
initiating devices. Within the chapter there are sections on the various types of initiating devices
that discuss the spacing requirements. It is relatively safe to assume that the initiating devices in
the Recreation Center follow all of the required prescriptive based spacing requirements. With
this assumption in mind, it is more beneficial to analyze the performance-based placement of all
initiating devices.
Section 17.14 is the section that discusses manual pull stations. According to this section, manual
pull stations must be located and installed so that they are clearly visible, easily accessible, and
within 5 feet of each exit doorway on each floor. Taking all of this into account, every pull
station in the Recreation Center is placed appropriately, and based on personal observation;
every pull station is clearly visible and easily accessible.
Smoke sensing fire detectors are discussed in Section 17.7, and more specifically, 17.7.3 covers
the spacing of area smoke detectors, and 17.7.5.4 covers the spacing of in-duct smoke detectors.
Section 17.7.3 states that area smoke detectors shall be located on the ceiling, or on a sidewall
within 12 inches of the ceiling. And they shall not exceed a nominal spacing of 30 feet. Given
the locations of the smoke detectors highlighted in Figure 27 and Figure 28, and taking into
account performance and function of the Recreation Center, one can claim that all area smoke
detectors are appropriately placed. According to Section 17.7.5.4.2.2, when in-duct smoke
detectors are required, they shall be located where the air leaves each smoke compartment, or in
the duct system before the air enters the return air system common to more than one smoke
compartment. Unfortunately, the in-duct smoke detectors could not be observed, so it should be
assumed that the building designers followed the code and that the detectors are placed
appropriately.
Section 17.6 discusses heat-sensing fire detectors, and 17.6.3 covers the spacing requirements of
the detectors. Heat detectors come with a listed spacing, and they shall not exceed this spacing
when mounted. Additionally, NFPA 72 states that there shall be heat detectors within one-half
length from the walls. Finally, all points on the ceiling shall have a detector within a distance
equal to or less than 0.7 times the listed spacing. The Recreation Center has very few heat
detectors installed, but few that are present are appropriately placed. There are plenty of smoke
detectors, and considering the very open spaces of the Recreation Center; it is understandable
that few heat detectors are present in the building.
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9 Fire Detector Response
9.1 Fire Scenarios and Expected Response Characteristics
There are many potential fire scenarios in any building, but for the purpose of this report, one
potential scenario will be analyzed using a DETACT model. The scenario chosen for this report
will occur in Room 111. It is a fairly open room close to the main entrance of the Recreation
Center, but there are many couches, tables, and chairs for students to use as long as the
Recreation Center is open. If ignited, the couches in the room can be very large sources of heat,
and can lead to flashover, which would ignite the other furniture nearby. If not detected, this fire
could become very large and be significant cause for alarm.
For the DETACT model, the following assumptions are made:
• The ceiling height is 15 feet
• The ambient temperature of Room 111 is 25°C
• Actuation temperature of the heat detector is 46°C
• The heat detector has an RTI of 5

9.2 Fire Size at Time of Detector Activation
The initial conditions used for the DETACT model are shown in Table 19 and the results are
shown in Figure 29 and Table 20. Table 20 only shows the time step right before, after, and at
activation. According to the results found in the DETACT model, the fire in this scenario will be
detected after 70 seconds, and the fire will have a heat release rate of 230 kW.
Table 19. Initial Conditions used in DETACT Model
INPUT PARAMETERS
Ceiling height (H)
Radial distance (R)
Ambient temperature (To)
Actuation temperature (Td)
Response time index (RTI)
Fire growth power (n)
Fire growth coefficient (k)
Time step (dt)

CALC. PARAMETERS
3.6
3.2
25
46
5
2
0.047
2

m
m
C
C
(m-s)1/2
kW/s^n
s

R/H
dT(cj)/dT(pl)
u(cj)/u(pl)
Rep. t2 coeff.
Slow
Medium
Fast
Ultrafast

0.898
0.322
0.219
k
0.003
0.012
0.047
0.400
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Figure 29. Graph of DETACT Results

Table 20. DETACT Results
Calculation time (s)
68
70
72

HRR
217.3
230.3
243.6

Gas temp
48.3
49.2
50.1

Gas velocity
0.86
0.87
0.89

Det temp
45.81
46.73
47.65

dT/dt
0.4590
0.4634
0.4677

10 Sequence of Operations
10.1 Fire Alarm System Inputs
The fire alarm system of the Recreation Center has many inputs. These include smoke detectors,
heat detectors, and even water flow switches. Power failure is also a condition that would send
an alert to the system. Every input to the fire alarm system will trigger certain outcomes that
makeup the fire alarm system of the building. These inputs and outputs come together in an
operational matrix. The operational matrix of the Recreation Center is shown in Figure 30.
Looking closely at Figure 30 will show exactly what each input in the building will trigger. An
engineer can use this matrix to better understand the operation of the building’s alarm system
and help him or her determine what caused a system to be activated.
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Figure 30. Recreation Center’s Sequence of Operations

10.2 Disposition Requirements of Alarm, Supervisory, and Trouble Signals
Figure 31 is a just a section of the operation matrix that has been enlarged for clarity. This
section of the matrix shows the requirements to activate the alarm, supervisory, and trouble
signals. To activate the alarm signal a manual pull station, a sprinkler water flow switch, or any
smoke or heat detector must be initiated. If any of the in-duct smoke detectors, a sprinkler valve
tamper switch, a sprinkler post indicator switch, or an elevator shunt disable signal or trip circuit
failure are initiated, then the supervisory signal will be triggered. Finally, if the fire alarm control
panel loses power, there is trouble with a system device wiring, or an open circuit or ground fault
are detected, the trouble signal will be activated.

48

Fire Protection Engineering:

Culminating Experience

19 March 2018

Figure 31. Selected Section of Sequence of Operations
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11 Alarm Notification Appliances
11.1 Definitions
Section 3.3.172 of the 2016 version of NFPA 72 defines a notification appliance as “a fire alarm
system component such as a bell, horn, speaker, light, or text display that provides audible,
tactile, or visible outputs” to occupants of a building. The Recreation Center contains speakers
and strobes throughout to alert occupants when a fire is detected within the building.

11.2 Types and Locations
In the Recreation Center, there are various types of alarm notification devices, including fire
alarm speakers and strobes, which can be mounted on walls or ceilings. These are highlighted on
Figure 32 and Figure 33 and their symbols are explained in Table 21.
Table 21. Legend for Figures 32 and 33
Type of Alarm Notification Device
Fire Alarm Speaker/Strobe
Weatherproof Speaker
Fire Alarm Ceiling Strobe
Fire Alarm Wall Strobe
Fire Alarm Speaker

Symbol
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Figure 32. Alarm Notification Device Locations on Floor 1
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Figure 33. Alarm Notification Device Locations on Floor 2
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11.3 Spacing Requirements and Analysis
Chapter 18 of the 2016 edition of NFPA 72, covers most, if not all, required information about
notification appliances. This chapter discusses both the spacing requirements of notification
appliances, as well as the required mounting heights of various devices. A diagram of the
mounting heights of various types of notification appliances from the Recreation Center’s fire
alarm plans is shown in Figure 34.

Figure 34. Fire Alarm Device Mounting Heights
Assuming that all notification devices are indeed mounted as described in the fire alarm plans,
then according to NFPA 72, they are all mounted at appropriate heights. The spacing of the
notification systems is primary broken down by audible and visual devices. The speaker/strobe
combination devices in the Recreation Center must follow the spacing requirements of visual
devices.
11.3.1 Audible Device Requirements
The Recreation Center can be primarily considered a place of assembly. According to Table
A.18.4.3, a place of assembly will have an average ambient sound level of 55 dBA. Table
A.18.4.3 is shown in Table 22. The fire alarm plans of the Recreation Center, show that the
speakers used in the building have a minimum decibel output of 80 dBA. NFPA 72 states that
speakers must have a decibel level at least 15 decibels higher than the ambient sound level, so
the speakers easily meet this requirement.
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Table 22. Screenshot from NFPA 72

The most demanding rooms in the Recreation Center are the three gymnasiums, since they are
the most open spaces in the building. With the decibel output provide from each of the audible
devices, all three gymnasiums are adequately covered. All other rooms are appropriately covered
as well. It is helpful that the walls of Recreation Center are fairly reflective of sound waves, so
the sound from the notification devices should travel easily throughout the building. In addition
to the speakers throughout the building, the Recreation Center is also equipped with
weatherproof speakers outside of all of the main exits, which would warn people walking to not
enter the building, if a fire was detected.

11.3.2 Visual Device Requirements
The Recreation Center easily passes the requirements of visual notification appliances. Strobes in
the building have candela ratings of 15, 30, 75, and 110 cd. The strobes in the large gymnasiums
all have candela ratings of 110 cd to ensure that they can be seen from anywhere in the room.
The building is well equipped with strobes, and from personal observation, a strobe can be seen
from every normally occupied room in the building.
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12 Mass Notification System
12.1 Operating Capabilities of System
Section 3.3.85.1.3 of NFPA 72 defines an In-Building Mass Notification System as “a system
used to provide information and instructions to people in a building or other space using
intelligible voice communications and including visible signals, text, graphics, tactile, or other
communication methods.” The Recreation Center is equipped with an audible mass notification
system that plays the message: “May I have your attention, please. May I have your attention,
please. There has been a fire alarm reported in the building, there has been a fire alarm reported
in the building. Please proceed to the nearest exit and leave the building.” In terms of a mass
notification system, this is a well-worded message. The message is concise, repeats itself, and
gives very clear instructions. The message is only read in English, but since the Recreation
Center is on the Cal Poly campus, it is safe to assume that all of the occupants speak enough
English to understand the message (along with the other audible and visual signals) and evacuate
the building.

12.2 Activation of System
The requirements to activate the mass notification signal can be seen in column H of Figure 30,
and possibly more clearly in Figure 31. The mass notification system will be activated if a
manual pull station, any area smoke or heat detector, or a sprinkler water flow switch are
initiated. These requirements are identical to the requirements to activate the building’s alarm
signal. This is understandable since a mass notification system is likely to be closely related to an
alarm signal.

13 Smoke Control
In addition to fire alarm and detection components one might expect, the Recreation Center is
also equipped with a smoke control system to aid in the exhaustion of smoke in the case of a fire.
Columns P through Y of the operation matrix in Figure 30 are the system outputs related to the
building’s smoke control system. The smoke control system in the building is equipped with air
handling units, combination smoke fire dampers, elevator shaft dampers, elevator recall, and
won/roll down doors and shutters.
The air handling units will be shutdown, and the combination dampers will be closed upon the
activation of a manual pull station, any area or in-duct smoke detector, a sprinkler water flow
switch, or a power failure. The combination dampers will also close upon activation of the heat
detector in the elevator machine room. In the event of smoke detection, the air handling units
shutdown to prevent the unintentional spread of smoke to other rooms in the building, and the
dampers are opened to allow paths for both smoke extraction and return air for the building.
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The elevator shafts are also equipped with dampers that are normally closed, but will open upon
the initiation of either the smoke or heat detector in the respective elevator machine room. The
elevator shaft dampers are normally closed to prevent smoke from ever entering the elevator
shaft, but if smoke is detected, the dampers will open to extract smoke from the shaft.
Smoke detectors in either the elevator lobby or shaft will cause the associated elevator to recall.
The elevator lobby smoke detector will also activate the elevator door smoke containment device
throughout the building. The elevator machine room smoke detector will also cause a shunt to
elevator power, but this shunt will not occur until elevator recall has been completed. Elevator
recall causes the elevators to return to level 1 and the shunt in power prevents them from being
used. However the elevators can be overridden by the fire department in case they need access to
the elevator to fight a fire in the building.
Finally, the won doors, roll down doors, and shutters throughout the building will close after the
activation of any smoke detector in the building, or a power failure. The purpose of these doors
and shutters is to prevent the spread of smoke throughout the building, and to also contain the
smoke to one area.

14 Fire Alarm and Detection System Summary
The fire alarm and detection system installed in the Recreation Center has the components that
can be expected. The system is composed of initiating devices including area and in-duct smoke
detectors, heat detectors, and manual pull stations, and notification devices such as
speaker/strobes, as well as just speakers or strobes in some areas. The system is also equipped
with a mass notification system that provides a voice message for occupants to alert them if a fire
is detected, and a smoke control system to prevent the spread of smoke in the case of a fire. All
these devices are spaced appropriately throughout the building, and cooperate correctly based on
the sequence of operations.
The system’s secondary power supply consists of 6 batteries and calculations indicate that the
batteries used in the Recreation Center have sufficient spare capacity, and the voltage drops are
low enough to meet the standards of NFPA 72.
Overall, the Recreation Center has a sufficient fire alarm and detection system that meets all
code requirements. Knowing that the building has a compliant fire alarm system, along with a
sufficient fire suppression system, the prescription based analysis of the Recreation Center can
be concluded with the following egress analysis.
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15 Egress Analysis
15.1 Introduction
After ensuring that the structural components, sprinkler system, and fire alarm system meet
respective code requirements, it is important to perform an egress analysis. The purpose of this
analysis is to determine the total occupant load as well as the total exit capacity of the building.
In addition to the exit capacity, the positioning and spacing of exit signs will also be examined.

15.2 Floor Areas and Occupant Loads
To calculate the occupant load of a building, the occupant load of each room must be determined
by its square footage, and how the room will be used and occupied. Figures 35 and 36 below are
color coded floor plans of the Recreation Center showing how each room is classified as an
occupancy. Table 23 is a key for Figures 35 and 36 to show what type of occupancy each color
corresponds to. After each room is classified, the square footages and occupancy classifications,
square footage, occupant load factor, and final occupant load are compiled in Table 24.
Table 23. Color Key for Figures 35 and 36
Assembly
Restrooms, locker rooms, etc
Storage
Service Spaces (electrical, mechanical, etc)
Office
Exit Access Corridors
Athletic Facilities
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Table 24. Occupant Load of each Room
Room
#

Occupancy Classification

100
107
108
109
110C
116
117
118
121
125
127
129
132
132A
132B
132C
132D
132E
132F
132G
133
134
136
137
138
139
140
154
156
157
158
159
160
161

Assembly
Ticket Office
Office
Training Room
Control Room
First Aid
Locker Room
Locker Room
Assembly
Equipment Checkout (office)
Storage
Laundry
Lobby (Exit Access Corridor)
Office 3
Office 2
Office 1
Office
Office 4
Office 5
Office 6
Office
Office
Office
Office
Office
Office
Maintenance
Office (Lifeguard)
Weights and Equipment
Racquetball Court
Racquetball Court
Racquetball Court
Racquetball Court
Racquetball Court

Square
Footage
13083
287
1052
903
130
150
2603
2106
13472
124
237
262
1286
112
113
162
191
114
114
114
319
315
177
255
205
125
809
233
6462
799
799
799
799
799

Occupant
Load Factor
15 (gym)
100
100
100
100
100
50
50
7
100
300
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
300
100
50

Occupant Load
1320
(bleachers), 873
(gym)
3
11
10
2
2
52
43
300
2
1
3
13
2
2
2
2
2
2
2
4
4
2
3
3
2
3
3
130
8
8
8
8
8
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#
162
170
170D
171
176
180
184
188
189
189C
189D
189E
189F
192
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Occupancy Classification
Racquetball Court
Assembly
Waiting Area
Storage
Office
Mechanical
Maintenance Office
Storage
Pantry
Changing Room
Changing Room
Office
Office
Wrestling Room

Square
Footage

19 March 2018
Occupant
Load Factor

839
8313
1562
874
191
1005
286
2441
122
104
123
144
280
4006

7
15
300
100
300
100
300
100
100
100
100
100
50

200A Assembly

6396

15 (gym)

200B
211
213
215
221
223
224

6414
1688
1962
2356
5246
2014
3330

15 (gym)
50
50
50
50
100
50

Assembly
Assembly
Assembly
Assembly
Weights and Equipment
Jogging Track
Weights and Equipment

Occupant Load
8
1188
100
3
2
4
3
9
2
2
2
2
3
81
1180
(bleachers), 427
(gym)
1180
(bleachers), 428
(gym)
35
40
51
105
69
69
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The square footage of each room was found on the building blueprints. All occupant load factors
were found in Table 7.3.1.2 from the 2015 LSC. Final occupant loads are found by dividing each
rooms square footage by its respective occupant load factor. Table 21 only includes rooms in the
building that have occupant loads; rooms like restrooms and service spaces were omitted.
There are two cases to consider for rooms 100, 200A, and 200B:
1) If the bleachers are extended, and then the occupant loads for rooms 200A and 200B are
calculated using the number of seats in the gym. In room 100, the occupant load is
calculated using both the number seats in the gym along with the occupant load of 150
given for one basketball court.
2) If the bleachers are up, then the occupant loads are calculated using an occupant load factor
of 15. When this is the case, the gyms are typically open for pick up basketball games, but
they are also used at times for events such as job fairs for students on campus. During these
kinds of events, the spaces can be very crowded.
Table 24 has the occupant loads of each room within the building, and when these occupant
loads are added up, they represent the occupant load of the entire Recreation Center. The total
occupant load for the Recreation Center is shown in Table 25. This table shows the total
occupant load of each floor depending on whether Case 1 or 2 is being considered.
Table 25. Occupant Load of Each Floor
Case

Floor
1
2

1
2
Total
1
2
Total

Occupant Load
5739
369
6108
2932
1224
4156

Table 25 shows that the maximum occupant load for the entire building is reached in Case 1
when the bleachers are down and in use. This is the largest amount of people that should ever be
in the building.
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15.3 Floor Plan with Exits Highlighted
Now that the occupant load of the Recreation Center has been determined, it is time to see if the
exits throughout the building are adequate. The exits in the building are labeled in Figures 37 and
38. There are 12 exits on the first floor, and an additional 7 exits on the second floor. Exits 13,
14, and 18 on Figure 38 are exits that lead to the first floor, and the rest exit the building.
According to section 7.5.1.3.3 from the Life Safety Code, exits within a sprinklered building
must be separated by one-third of the length of the overall diagonal dimension of the area to be
served. This code requirement exists to lower the probability of all exits from a building being
blocked simultaneously. Figures 37 and 38 show how the exits are spaced all around the
perimeter of the building and each space, so spacing of exits is not an issue for the Recreation
Center. Section 13.2.5.1.3 of the LSC states that dead-end corridors in a building shall not
exceed 20 feet. The purpose of this is to prevent occupants from traveling down a long corridor
where there is no exit, and having to return, thereby increasing total egress time. All corridors
within the Recreation Center lead to either an exit or to a different space that has an exit. Deadends are not an issue for the building. The Egress Analysis can continue knowing that all of the
exits are properly spaced throughout both floors, and there are no dead end corridors to worry
about in the building.
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15.4 Exit Signs
Figures 39 and 40 below show the floor plans of the Recreation Center with the recommended
placements of exit signs on each floor. Section 7.10 of the LSC outlines the requirements for the
placement of exit signs in a building. Exit signs should be placed so that they can be viewed
from any direction of exit access, and the Recreation Center’s exit signs meet this requirement.
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15.5 Exit Capacities
With all exits identified, the next step is to calculate the capacity of each exit. Table 26 outlines
each exit, its limiting factor, and its exit capacity. The exit capacity factors come from Table
7.3.3.1 from the LSC. For exits that were limited by the door’s width, the exit capacities were
calculated by dividing the width of the doorway by its exit capacity factor. For this case, the exit
capacity factor is 0.2 inches. Since the stairways were wider than 56 inches, their exit capacities
were calculated using Equation 7.3.3.2 from the LSC.
Similar to calculating the total occupant load, the exit capacity of each exit is added together to
calculate the total exit capacity of each floor and of the entire building. The total exit capacity of
the Recreation Center is shown in Table 27.
Table 26. Exit Capacities
Exit
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Limiting Factor
door
door
door
door
door
door
door
door
door
door
door
door
stairs
stairs
door
door
door
stairs
door

Width (in)
432
216
216
216
144
72
72
72
72
36
72
72
78
84
72
72
72
87
36

Exit Capacity
2160
1080
1080
1080
720
360
360
360
360
180
360
360
303
330
360
360
360
344
180
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Table 27. Exit Capacities for each Floor
Case

Floor
1
2

1
2
Total
1
2
Total

Occupant Load
5739
369
6108
2932
1224
4156

Exit Capacity
8460
2237
10697
8460
2237
10697

Case 1: bleachers are extended (likely case if big event is happening on basketball court in Room 100)
Case 2: bleachers are up (typical day use of building)

Case 1 in Table 27 is while the bleachers are being used, and the occupant load increases by a
significant amount. Also in Case 1, the bleachers in rooms 200A and 200B connect with the
bleachers in room 100 and the occupants of those bleachers can be considered occupants of the
first floor. Case 2 is how the Recreation Center is typically used each day while students go in to
workout.

15.6 Summary
According to the LSC, the exit capacities are adequate for every floor regardless of how the
building is being used. Table 24 above compiles the total occupant load of Recreation Center
based on its current use, and also shows the total exit capacity of the building. There are also no
problems with the arrangement of the exits or exit signs, as they are evenly spread and
appropriately spaced throughout the building.
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16 Prescriptive Based Analysis Summary
After completing the prescriptive based analysis, positive conclusions can be made about the
Recreation Center. The building’s construction, fire alarm system, and sprinkler system all meet
the requirements from their respective codes. The number of stories, floor area of the building,
construction type, and fire resistance are within requirements outlined in the IBC.
The sprinkler system meets all requirements set in NFPA 13. And an analysis of the sprinklers in
the gymnasium’s water demand shows that the water supply is adequate for the most remote
locations of the building, and a fire pump is not needed.
All the devices in the fire alarm and detection system are spaced appropriately throughout the
building, and cooperate correctly based on the sequence of operations. The system’s secondary
power supply consists of 6 batteries and calculations indicate that the batteries used in the
Recreation Center have sufficient spare capacity, and the voltage drops are low enough to meet
the standards of NFPA 72.
The building has sufficient exit capacity considering the calculated occupant load of the building.
Depending on how the bleachers are being used, the Recreation Center is found to have an
occupant load of 6,108 if the bleachers are extended, and 4,156 if the bleachers are folded. While
the exit capacity is calculated to be 10,697. These calculations indicate that regardless of how the
building is being used, if the University respects the maximum capacity design for the
Recreation Center, then there should be adequate exit capacity.
After a successful prescriptive based analysis, and ensuring that all aspects of the building meet
their respective code requirements, it is finally time to move onto the performance based analysis
of the Recreation Center. The performance based analysis will consist of three design fires. The
first is simulated, and the last two are simply speculated for academic purposes.
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17 Performance Based Analysis Introduction
Even if a building is determined to have appropriate prescriptive based fire protection, it is
essential to analyze the performance based fire protection of that building. While a prescriptive
based analysis ensures that a building is meeting all code requirements, a performance based
analysis is meant to see how a building will perform if a fire was actually present.
A performance based analysis can be broken down to two components: Available safe egress
time, and required safe egress time. These terms are known as ASET and RSET respectively.
Figure 41 is a clear representation of what each one of these is.

Figure 41. Visual Representation of ASET and RSET

17.1 Available Safe Egress Time
The Available Safe Egress Time (ASET) is the amount of time that a space remains tenable. This
tenability limit can be reached through increasing temperature, decreasing visibility, or the
presence of toxic gases, such as carbon monoxide, in the air. When conducting a performance
based analysis, it is important to establish tenability limit criteria, so that the ASET can be
determined as the time when these limits are reached. Pyrosim is a program that will be used in
the report to observe how a fire can be expected to affect the tenability criteria in a space during
a fire scenario.
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17.2 Required Safe Egress Time
The Required Safe Egress Time (RSET) is the combination of different events that typically
occur sequentially, that are shown in Figure 41. First is detection time, which is the time for the
fire to be detected by either an initiating device, or an occupant of the space. Next is the alarm
time, which is the time for the alarm to go off in the building after the fire has been detected. The
rest of the RSET, which is evacuation time, is much harder to calculate, since it entirely depends
on human behavior.
The first part of evacuation time is called recognition time, and this is the time it takes
individuals to hear and acknowledge an alarm or be told that there is a fire. Next, the response
time is the time it takes for an occupant to begin evacuating. This time might be spent gathering
belongings, or assisting other occupants. The final component of RSET is the movement time,
which is the time it takes for occupants to make their way to an exit. This report will use the
program Pathfinder to determine the RSET of occupants in a simulated fire scenario.

17.3 Objective of Analysis
The primary objective of a performance based analysis is to prove that in a fire scenario, a
building or space will have an ASET greater than the RSET, as shown in Figure 41. This
conclusion would mean that occupants of a building have adequate time to evacuate a building in
the case of a fire. The Life Safety Code (LSC) states that multiple design fires should be
considered for a building to ensure that the fire protection systems are adequate for a successful
evacuation. There are 8 different types of design fire scenarios described in the LSC, and each
one is meant to simulate a situation that could cause issues with the installed fire protection
systems. Some of these scenarios include a fire that ignites in a concealed area and is not
detected or suppressed, and a fire that blocks a primary means of egress. If a design fire does not
lead to successful egress of all occupants, then a serious look needs to be taken at the smoke
control, potential fuel loads, and occupant load of the building.
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18 Design Fire 1
18.1 Fire Scenario
The first design fire will be simulated using both Pathfinder and Pyrosim to determine an RSET
and an ASET for the fire scenario. Figure 42 below shows the Pathfinder model used for the
simulation with all occupants present. The yellow rectangles on the floor are meant to show
where the rows of tables would be during a career fair, and the red area in the middle is where
the fire would be.
This design fire occurs during a career fair in the main gymnasium of the Recreation Center.
When the Recreation Center hosts career fairs, the bleachers in the gym are up, and there are
many tables and chairs setup in rows on the floor, and the gymnasium is filled to maximum
capacity with students, staff, and recruiters. Many recruiters store their personal bags beneath the
tables, place cloth table covers on their tables, and occasionally setup a poster to showcase their
company’s highlights. With many rows of potential fuel loads, and the gymnasium packed with
students, the career fair is a very bad place and time for a fire to occur in the building. The first
design fire analyzed occurs in the middle of the gymnasium floor under one of the recruiters’
tables.

Figure 42. Gymnasium Model used for Pathfinder Simulation
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18.2 Fuel Load
The fuel load for this fire is a wooden table, a cloth table cover, and a foamboard poster. And
then two adjacent tables with similar setups ignite. Figures 43, 44, and 45 show heat release
curves of these materials that were measured in a study. Figures 43 and 44 come from a study
conducted at Oklahoma State University, and published by the American Institute of Aeronautics
& Astronautics, and show the heat release curves for plywood and a cloth curtain. Figure 45
comes from a study conducted by the National Institute of Standards and Technology, and shows
the heat release curve for a foamboard poster. The maximum heat release rates will be used to
determine the size of the fire. The maximum HRR values found are 500 kW for a 2 m2 table, 240
kW for a tablecloth, and 800 kW for a 1m2 poster. Together, these fuel loads combine for a 1540
kW fire. With two adjacent tables with identical setups also igniting, the ultimate fire size will be
approximately 4620 kW. The fuel load is assumed to produce a fast growing fire, and the fire is
estimated to have a ramp up time of 460 seconds.

Figure 43. HRR Curve used for Wooden Table

Figure 44. HRR Curve used for Cloth Table Cover
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Figure 45. HRR Curve for a Foamboard Poster

18.3 Characteristics of Occupants
An important factor of evacuation is the characteristics of the occupants within the building.
These characteristics will heavily influence how quickly the occupants will respond to a fire in
the building, how capable they are of evacuation without assistance, and how urgently they will
treat the evacuation.
The occupants of a career fair are students and recruiters. Therefore it can be assumed that all
occupants will be adults capable of evacuating without assistance, and also awake and active.
However, an important note is that occupants will very likely be focused on the career fair and
might not be very aware of their surroundings. This focus could slightly delay the detection of a
fire by occupants.

18.3.1 Pre-Movement Time
For the Pathfinder simulation, occupants of the gymnasium were setup with different premovement times based on their proximity to the fire. Occupants closest to the fire had a premovement time of 5 seconds, and those further away were set to 10 seconds, and even further
had a pre-movement time of 15 seconds. Finally, occupants on the top courts had a premovement time of 20 seconds. Figure 46 shows the Pathfinder simulation after 23 seconds, and
shows that occupants closest to the fire have already made progress towards the exits, and
occupants on the top courts have barely started evacuating.
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Figure 46. Pathfinder Simulation after 23 seconds

18.4 Evacuation Time
The Pathfinder simulation was setup with a predetermined pre-movement time discussed in the
section above. With this established pre-movement time, the simulation calculated a total
evacuation time, and an RSET for this fire scenario, of 155 seconds. Figure 47 is a screenshot of
the Pathfinder simulation at 153 seconds and shows the last of the occupants exiting down stairs
on the back of the building. This evacuation time must be less than the ASET determined by the
Pyrosim simulation to ensure the safety of occupants in the building.
However, since the Pathfinder model is primary a simulation of human behavior, this calculated
RSET of 155 seconds should not be considered absolute. When conducting performance based
analysis, it is wise to implement a factor of safety. This is to account for the possibility of
occupants getting delayed by gathering belongings, or potentially helping other occupants to
evacuate. For this scenario, a factor of safety for the RSET will be to double to calculated
evacuation time in an attempt to ensure the safety of all occupants.
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Figure 47. Pathfinder Simulation after 153 seconds

18.5 Tenability Analysis
The two tenability criteria that were tested for this fire scenario are visibility and temperature. To
measure these values, slice files were placed in a Pyrosim model through the fire, and at six feet
above each floor level. Assuming that all occupants would be unfamiliar with their surroundings
at the career fair, the visibility tenability criteria limit was set to 10 meters. And the temperature
at which people begin to skin pain or burns, as well as respiratory tract burns after prolonged
exposure is 60° C. With this information in mind, the temperature tenability criteria limit was set
to 60° C.
With these slice files in place, and tenability criteria in mind, the Pyrosim model was used to
determine the ASET of the gymnasium. The simulation was observed after 160 seconds to see
where the smoke level would be just after all of the occupants had evacuated. Figure 48 shows
that the smoke level is still close to the ceiling and far away from where occupants would be
evacuating. Figure 49 and Figure 50 show the visibility and temperature slice files, respectively,
in the simulation after 160 seconds. Due to the large space of the room, and the ramp up time
given to the fire, the temperature and visibility do not change much after 160 seconds. The
temperature is still around 20 degrees C, and the visibility is still approximately 30 meters.
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Figure 48. Pyrosim Simulation after 160 seconds.

Figure 49. Visibility Slices after 160 seconds
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Figure 50. Temperature Slices after 160 seconds
18.5.1 Visibility
The visibility tenability limit of the upper levels is not reached until 440 seconds after the fire is
ignited. Figure 51 shows the visibility slices at this time. The areas in black are where the
visibility is at 10 meters, and any area in darker blue is below that value.

Figure 51. Visibility Slices after 440 seconds
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18.5.2 Temperature
The simulation ran for 1000 seconds, and the temperature never reached its tenability limit. After
1000 seconds, the temperature 6 feet above the floor reaches approximately 45° C. In Figure 52
the black area is set to 45° C, and areas in yellow and red are hotter than that.

Figure 52. Temperature Slices after 840 seconds

18.5.3 Time to Failure
To conclude, the Pyrosim model determined an ASET value of 450 seconds, since that is when
any tenability criteria limits are first reached. This ASET value is greater than the RSET value of
155 seconds determined by the Pathfinder model, which means that the room has adequate
egress capacity for this scenario. Even if the safety factor of doubling the RSET to 310 seconds
is implemented, the ASET is still greater by 140 seconds. This means that even if a real
evacuation were to take twice as long as originally calculated, there would still be over two
minutes before the space became untenable.
It should be noted that the main gymnasium is equipped with sprinklers at the ceiling, however
they were not discussed in this scenario because the temperature near the ceiling never got high
enough to activate the sprinklers. If the model had run for longer, it is possible that the ceiling
level would eventually reach a temperature hot enough to activate sprinklers, but tenability limits
would have already been reached.
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As stated previously, the heat release rate of this fire would be approximately 4600 kW. The fire
would consist of three table setups. For the purposes of this simulation, the fire was designed to
be a fast growing fire that would grow to 4600 kW, and then remain steady for the duration of
the simulation. This was under the assumption that as the fire spread to adjacent tables or chairs,
the initially burning table setups would burn out, and that there would always be approximately
three tables ignited.
Table 28 is a summary of the tenability criteria and when their limits are reached. Since visibility
is the first tenability criteria to fail, Figure 53 provides a graph of the visibility 6 feet above the
second floor exits over time. Visibility does not start to decline at the exits until about 350
seconds, and the visibility criteria begins to fail after about 440 seconds. After 700 seconds, the
visibility begins to level out at about 2 meters.

Table 28. Summary of Tenability Criteria

Tenability Criteria

Limit

Time to Failure

Temperature

60°C

> 1000 seconds

Visibility

10 meters

440 seconds

30

Visibility (m)

25
20
15
10
5
0
0

100

200

300

400

500

600

700

800

900

1000

Time (sec)
NE Exit

SE Exit

SW Exit

NW Exit

Figure 53. Measured Visibility Values
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19 Design Fire 2
19.1 Fire Scenario
The second fire scenario considered takes place in the main gymnasium as well, but this time
while a concert is taking place in the gymnasium. Occasionally the university will host concerts
in the gymnasium for students to attend. A stage is brought in for these concerts and many
students stand on the lower basketball court and the bleachers are extended to provide seating
further from the stage. The gymnasium is filled to maximum capacity, with the stage taking up a
large portion of the area, and occupants are packed tightly together. In this scenario, the extended
bleachers further from the stage, where students are sitting, ignite, and cause a need for
evacuation.
This type of scenario is discussed in Section 5.5.3.4 of the LSC. The LSC defines this type of fire
scenario as one that originates in a concealed space adjacent to a large occupied room. Since this
fire begins under the bleachers while students are paying attention to a concert, this scenario fits
the description from the LSC. According to the LSC, this scenario addresses the concern
regarding a fire starting in a concealed space that does not have either a detection system or a
suppression system and then spreading to where the greatest number of occupants would be
present. While the area under the bleachers is technically in the same room as where the
occupants would be, the area has no fire protection systems, and would quickly spread to where
the highest concentration of occupants are.

19.2 Fuel Load
The fuel load for this fire would be the extended bleachers. The bleachers in the gymnasium are
made of both wood and plastic. Since there would be a lot of noise from the concert, and many
occupants would be distracted, it can be expected that this fire could go undetected for some
time.
In December of 1994, a high school gymnasium caught on fire, and many tests were conducted
to understand how the fire grew so quickly. One of these tests was a measurement of the heat
release rate of bleachers. It turns out that the bleachers tested are made of similar materials to the
bleachers in the Recreation Center. The test conducted determined that the maximum heat
release rate is approximately 4000 kW. However, if the fire were to spread quickly across all of
the bleachers, then the fire could be expected to grow to a much larger size than 4000 kilowatts.
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19.3 Characteristics of Occupants
The expected occupants for this scenario would be students or anyone else attending the concert,
and the band themselves. As stated previously, all occupants can be expected to be distracted
during the concert, either from playing music or listening to it. Occupants of the space before
anything else would most likely detect bleachers on fire. Since these occupants are distracted,
this detection could be delayed. After the fire is detected, an occupant would need to reach an
exit and pull a fire alarm to alert the occupants on the lower basketball court, including the band.
19.3.1 Pre-Movement and Evacuation Time
Once occupants are alerted to the presence of a fire, they would be expected to immediately
begin evacuation.
However, the evacuation could be very problematic in this scenario. First, attention would be
have to be brought to the band, so that they stop playing, know to evacuate, and can alert all
occupants to the presence of the fire. Once the occupants begin evacuating, there is a possibility
of crowd crush due to the high density of occupants in the gymnasium. Luckily the western side
of the gymnasium has many doors along the wall and can accommodate large groups evacuating
at once. The lobby area outside the gymnasium is also very open, and then it is not a long
distance to outside the Recreation Center.

19.4 Tenability Criteria
The tenability criteria for this scenario would be slightly different from the first scenario. The
visibility would have to be above 5 meters, and the temperature would need to be below 60° C to
maintain tenability. Since the fire would be larger than the first scenario, it can be expected that
the temperature could reach its tenability limit more quickly for the second level, especially on
the side of the fire.
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20 Design Fire 3
20.1 Fire Scenario
The final fire scenario occurs on an average day in the Recreation Center near the main entrance
and exit of the Recreation Center. The university has placed many couches and TV’s for students
to enjoy before or after their workouts, or possibly even in between classes. The ignition of these
couches is an important fire scenario to consider since it would block the building’s main exit.
This main exit is where many students would likely try to evacuate since they came in through
that door.
This type of scenario is discussed in Section 5.5.3.2 of the LSC. The LSC defines this type of fire
scenario as an ultrafast-developing fire in the primary means of egress. This fire scenario occurs
right next to the building’s main entrance and exit and the ignited couches are very likely to
produce an ultrafast fire, and therefore it fits the description from the LSC. This scenario is
important to consider because it addresses the concern of a significant reduction in egress. The
exit by this fire scenario has an exit capacity alone of 2160 out of the total exit capacity of 10697
for the entire building. Luckily the Recreation Center would still have a sufficient exit capacity if
this exit were unusable, but it could potentially cause a significant delay in egress.

20.2 Fuel Load
The fuel load for this fire would be at least one of the couches near the exit. After ignition,
adjacent couches could also ignite, adding to the fuel load. However, thanks to Technical
Bulletin 133, all couches to be used in public spaces must have a maximum heat release rate of
80 kilowatts. The fire could still block the main exit, and adjacent couches could also potentially
ignite, but with a maximum heat release rate of only 80 kilowatts per couch, this fire would be
smaller than if they were residential couches.
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20.3 Characteristics of Occupants
It is fairly safe to assume that the majority of the occupants in the Recreation Center will be
college students either working out or participating in some sort of physical activity. Going off of
this assumption, most of the occupants are likely between the ages of 18-24, and are awake and
active.
There are also offices in the building, and student employees and older professionals mostly
occupy these. Other occupants to consider would be if there were young children in the building.
But these children would be very likely to be accompanied by an adult that would take care of
them in the case of an evacuation.
One last thing to consider about the occupants in the building is that they are likely to be familiar
with how to exit the building. Many students who workout in the Recreation Center visit the
building fairly regularly and are familiar with their surroundings.
20.3.1 Pre-Movement Time
Unfortunately, many college students would likely think that any fire alarm they hear, is an
unwanted alarm, and not move with urgency upon hearing one. This mindset could cause delays
in evacuation.
It is very likely that many occupants would want to go back to the locker room to grab their
belongings before having to evacuate the building. From some parts of the building, this could
significantly increase the total travel distance of pre-evacuation and evacuation.

20.4 Tenability Criteria
As with the previous two fire scenarios, the main tenability criteria to be concerned with are
visibility and temperature. The limits themselves would also be the same with 5 meters visibility,
and 60° C temperature. Since the space in this scenario has a much lower ceiling, the temperature
and visibility would reach their limits more quickly.
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21 Performance Based Analysis Summary
The performance based analysis of the Recreation Center yielded positive results. In the
simulated fire scenario, the Pathfinder simulation calculated an RSET of 155 seconds for the
main gymnasium, and the Pyrosim simulation predicted an ASET of 450 seconds based on
visible tenability limits being reached. Even if a safety factor of doubling the RSET to 310
seconds is implemented, the ASET is still greater by 140 seconds. This means that even if a real
evacuation were to take twice as long as originally calculated, there would still be over two
minutes before the space became untenable. With all of this in mind, the Recreation Center
seems to offer sufficient egress capacity for one of the most concerning fire scenarios.
For the purposes of this report, the last two fire scenarios were only considered and not modeled
or simulated. However, the Life Safety Code states that all 8 of its defined design fires should be
simulated to ensure that a building is safe in any unusual type of fire scenario. Therefore, to
complete a full performance based analysis of the Recreation Center, all three fire scenarios in
this report, along with several others, should be simulated and modeled.
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22 Conclusion
Positive conclusions can be made about the Recreation Center after the completion of both
prescriptive based and performance based analysis.
The prescriptive based analysis showed that the building’s construction, fire alarm system, and
sprinkler system all meet the requirements from their respective codes. The number of stories,
floor area of the building, construction type, and fire resistance are within requirements outlined
in the International Building Code. An analysis of the sprinklers in the gymnasium’s water
demand shows that the water supply is adequate for the most remote locations of the building,
and a fire pump is not needed. All the devices in the fire alarm and detection system are spaced
appropriately throughout the building, and cooperate correctly based on the sequence of
operations. The system’s secondary power supply consists of 6 batteries and calculations indicate
that the batteries used in the Recreation Center have sufficient spare capacity, and the voltage
drops are low enough to meet the standards of NFPA 72.
The building has sufficient exit capacity considering the calculated occupant load of the building.
Depending on how the bleachers are being used, the Recreation Center is found to have an
occupant load of 6,108 if the bleachers are extended, and 4,156 if the bleachers are folded, and
the exit capacity is calculated to be 10,697 for either case. These calculations indicate that
regardless of how the building is being used, there should be adequate exit capacity if the
University respects the maximum capacity design for the Recreation Center.
Because all of the systems meet code requirements, the performance based analysis was
successful. The last two design fires, that were only considered, addressed the issues of a
concealed fire and a fire blocking a primary means of egress. The simulated design fire yielded
an ASET of 450 seconds based on the visible tenability limit being reached, and an RSET of 155
seconds. Even with a safety factor of doubling the RSET to 310 seconds, the gymnasium still has
sufficient exit capacity for all its occupants.
The only possible issue to consider with the Recreation Center is the occupancy of the main
gymnasium. The University needs to ensure that the main gymnasium is never occupied over its
maximum capacity during special events held there. Overfilling the space can lead to crowding,
which could potentially cause life-threatening delays in evacuation. The University must
implement fire safety management during special events held in the gymnasium to ensure safety
of all occupants.
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